www.eased.byethost13.com eISSN 2314-5471 (online) Effect of Moringa, Moringa oleifera, leaves supplementation as a growth promoter on growth performance, body composition, and physiological profile of Nile tilapia Oreochromis niloticus (L.) fry ABSTRACT This study was carried out to investigate the effects of dietary Moringa (Moringa oleifera) leaf (ML) meal on growth, feed utilization, whole body composition and physiological profile of Nile tilapia, Oreochromis niloticus (L.) fry.
INTRODUCTION
Moringa (Moringa oleifera) is a highly valued plant that is mostly cultivated in the tropics and subtropics. It is used for food, medication, and industrial purposes (Busani et al., 2011) . Moringa is called -miracle vegetable" because it is both a medicinal and a functional food (Verma et al., 1976) . Moringa yield reached 120 tones/ha/year as a leaves with a high crude protein (251g/kg DM) and negligible content of tannins (1 to 23 g/kg) and other antinutritive compounds (Makkar and Becker, 1996) . The dried leaves had crude protein levels of 30.3% and 19 amino acids, 17 fatty acids, mineral content especially calcium (3.65%), phosphorus (0.3%) and selenium (363mg/kg) (Bennett et al., 2003; Aslam et al., 2005; Manguro and Lemmen, 2007; Group, 2009; Amaglo et al., 2010; Gowrishankar et al., 2010) . Furthermore, the biological activities of moringa leaves (ML) that is hepatoprotective (Pari and Kumar, 2002) , hypercholesterolemia (Mehta et al., 2003) , antifungal (Chuang et al., 2007) , antioxidant (Sanchez et al., 2006) , and anti-tumor (Bharali et al., 2003) . Moringa Faiza A. Salama et al.
leaves powder is also used as a nutritional supplement and growth promoter due to the significant presence of rotein, minerals, ß-carotene, and α-tocopherol (Foidl et al., 2001) .
Nile tilapia (Oreochromis niloticus) fed with raw ML meal revealed that 10% of replacement of fishmeal-based dietary protein did not cause any adverse effect on growth performance (Richter et al., 2003) . Bundit and Masumoto (2012) showed that the tested ML diet contains ingredients that could be used in fancy carp (Cyprinus carpio) diets with possibly not over up to 20 g/kg soybean protein replacement without negative effects on growth and digestibility.
There is a dearth of information on the use of ML or seed meals as fish feed ingredients. An extensive search and analyses of published data on moringa and any of its use in aquaculture were therefore carried out. Thus, the present work was carried out to investigate the dietary supplementation of graded levels (0.0, 0.5, 1.0, 1.5, and 2.0%) of Moringa leaf (ML) meal used as a growth promoter for Nile tilapia throughout examination its effect on growth performance, feed utilization, whole body composition, and physiological profile of Nile tilapia fry.
MATERIALS AND METHODS

Preparing of moringa, Moringa oleifera leaves:
Moringa (M. oleifera) was obtained from special arboretum in Alexandria Governorate. It was air dried in a clean room for about two weeks to obtain a constant weight for easy grinding. It was grounded using manual grinder to obtain right particle size for pelleted feed.
Experimental diets:
Five isonitrogenous and isocaloric diets (30 % protein and 4547 kcal GE/Kg diet) were formulated and Moringa leaf meal was included in diets at a rate of 0.0, 0.5, 1.0, 1.5, and 2.0%. Composition and proximate analysis of the experiment diets and amino acids composition are presented in Tables (1, 2 & 3) .
Diet ingredients were ground and thoroughly mixed and the oil was slowly added at the same time of mixing with warm water (45°C) until the diets began to clump. Diets were processed by a California pellet mill machine and dried for 48 hours in a drying oven at 70°C. The pellet size was 0.6 mm in diameter and 2 mm in length.
Fish culture facilities:
This study has been carried out at the Wet Fish Laboratory, Department of Animal and Fish Production, Faculty of Agriculture, Alexandria University. Fish were acclimated to the experimental condition for 20 days before starting the experiments during which they fed a commercial diet. After that, fish (0.83 ± 0.2 g) were distributed at a rate of 10 fish per 100-L glass aquarium. Fish in each aquarium were fed one of the tested diets twice a day; six days a week at a rate of 5 % of their body weight for 12 weeks. A half of aquarium's water was siphoned with fish faeces and replaced by dechlorinated tap water. Every two weeks, fish per each aquarium were group-weighed by a digital scale (accurate to ± 0.001 g) and feed quantity was adjusted accordingly. Dead fish once appeared in any aquarium were recorded and removed.
At the start of the experiments, 50 g fish sample were collected and immediately frozen (-20°C) and reserved for initial proximate body chemical analysis. At the end of the experiment, fish were collected from each aquarium, counted, and weighed. Then, five fish were taken from each aquarium for the proximate chemical analysis.
Water quality parameters:
Water temperature and dissolved oxygen were measured daily using an oxygen meter (YSI Model 58, YSI Industries, and Yellow Spring Instruments, OH, USA). The pH-value was monitored twice weekly using an electronic pH meter (pH pen, Fisher Scientific, Cincinnati, OH, USA). Total ammonia, nitrite, and nitrate were measured weekly using spectrophotometer (Spectronic 601, Milton Roy Company, San Diego, CA, USA) according to APHA (1998) . Total alkalinity was monitored twice weekly using the titration method of Golterman et al. (1978) .
Proximate chemical analyses:
Samples of the experimental diets and fish were chemically analyzed to determine dry matter (DM), crude protein (CP), ether extract (EE), crude fiber (CF), and ash contents according to the methods of AOAC (2000) . Nitrogen free extract (NFE) was calculated by differences, by deducting the sum of percentages of moisture, CP, EE, CF and ash from 100. Gross energy (GE) contents of the experimental diets and fish samples were calculated by using factors of 5.64, 9.44 and 4.12 kcal/g of protein, lipid and carbohydrates, respectively (NRC, 1993) .
Blood parameters determination:
At the end of the experiment, fish (n = 5 of each treatment) were randomly taken and anaesthetized using 3 mL pure clove oil (dissolved in 10 mL absolute ethanol) as anesthetic material. For the hematological parameters analysis, blood samples (5-mL of whole blood at each collection) were collected from the caudal peduncle of fish in plastic heparinized vials for determination of hemoglobin concentration (Hb) using commercial colorimetric kits (Diamond Diagnostic, Egypt), and packed cell volume (PCV%) according to Stoskopf (1993) . Other blood samples were collected in dried plastic tubes and were centrifuged at 3500 rpm for 15 min to obtain the blood serum for determination of total protein (Gornall et al., 1949) , uric acid (Schultz, 1984) , aspartate aminotransferase (AST) and alanine aminotransferase (ALT) (Varley et al., 1976) using a spectrophotometer (model 5010, Germany). Serum creatinine, urea, and uric acid were determined according to the standard methods described by Newman and Price (1999) , Fawcette and Scott (1960) and Kim et al. (1971) , respectively.
Statistical analysis:
All data were analyzed by one-way ANOVA using the statistical analysis system procedure (SAS, 2006) . All percentages and ratios were transformed to arcsine values prior to Faiza A. Salama et al.
analysis (Zar, 1984) . Duncan's multiple range test was used as a post hoc test to compare differences among individual means at P ≤ 0.05.
RESULTS AND DISCUSSION Water quality parameters in fish aquaria:
During the 12-week feeding trial, the mean values of water quality parameter (±SD) were: water temperature 28.6±0.3°C; dissolved oxygen 4.4± 0.4 mg/L; pH 7.5±0.2; total ammonia 0.023 ± 0.01 mg/L; nitrite 0.025±0.013 mg/ L; nitrate 0.8 ±0.4 mg/L, and total alkalinity 169±4.0 mg/L as CaCO 3 . All water quality parameters herein are within the acceptable range for rearing Nile tilapia according to Abdelhakim et al. (2002) .
The proximate composition of Moringa (Moringa oleifera) leaf (ML):
The potential of a feedstuff such as leaf meal in fish diets was evaluated on the basis of its proximate chemical composition, which comprises the moisture content, crude protein, crude fiber, crude fat, total ash and nitrogen free extract. The proximate composition of ML in the present investigation revealed that the crude protein content was 27.7 %, crude fat 5.20%, crude fiber 11.50%, and total ash 14.30%. These values were within the range obtained by Markker and Becker (1996) . The similarities in chemical composition with the other studies may be an indication that environmental factors such as season, geographical location and stage of maturity play a minor role in determining ML nutritive value.
Moreover, chemical composition of other leaf meals such as Leucaena leucocephala, and Ipomoea batatas were studied by Adewole (2008) and Sotolu (2010) . On comparing their results with that of the present study indicated that ML can be used as an animal feed as that of other leaf meals from nutritional point of view.
Growth performance:
At the end of the feeding trial, fish growth increased significantly as ML level increased up to 1.5 % after which fish growth declined at 2.0% ML (Table 4 ). Fish fed 0.5% -1.5% ML exhibited significant improvement in growth than the other fish groups. No mortality was recorded in all fish groups during the experimental period suggesting that ML has no toxic effects.
ML has been widely used as an alternative protein source in fish diets and seems to be a promising protein source where it could partially replace conventional diets without any depression in growth performance of Nile tilapia (Afuang et al., 2003; Richter et al., 2003) . In addition, essential amino acids (EAA) composition in ML is sulfur amino acid such as methionine, cystine, tryptophan (Makkar and Becker, 1996) , as required by EAA for aquatic animals (WHO, 1985) .
The improved growth of fish fed ML-containing diets may be related to the presence of 19 amino acids, 17 fatty acids, vitamins and minerals especially phosphorus (0.3%) and selenium (363 mg/kg) in dried ML. Those compounds may positively affect the physiological functions resulting in improved fish growth. On the other hand, the retarded growth by fish fed 2.0 % ML may be due to the presence of anti-nutrients such as phenol, tannins, phylates, and saponins (Richter et al., 2003) . Also, in most cases, the inclusion of high level of plant proteins in fish diets has resulted in reduced growth and poor feed efficiency. This might be due to the presence of toxic substances or antinutritional factors (Siddhuraju et al., 2000; Francis et al., 2001) . In this context, Afuang et al. (2003) reported that Nile tilapia fed a diet containing moringa methanol extract at the level of 102 g/kg of feed caused a 17.5% reduction in body mass gain when compared to fish fed the control diet.
Feed and nutrient utilization:
Feed intake increased as ML increased in fish diets; meanwhile the optimum FCR was obtain at 1.0 % ML (1.69; Table 5 ). Moreover, highest values of PER, PPV, and EU were obtained in fish fed 1% ML-containing diet (2.01, 34.9 %, and 21.63 %, respectively) . In the present study, low dietary levels of methionine caused a suppressed growth and feed utilization. Methionine content of the experimental diets supplemented with ML gradually increased at 1.342 and 1.453 % compared to the control diet (1.292%). The high crude protein content of levels (23% in DM), the high proportion of this protein potentially available in the intestine (Makkar and Becker, 1996) , the presence of adequate amounts of EAA (higher than levels present in FAO reference protein), and low of levels of anti-nutrients indicate their high nutritional quality. The high pepsin soluble nitrogen (82-91 %) and the low acid detergent insoluble protein (1.0 -2.0 %) values for the meal suggest that most of the protein in the meal is available to most animal (Makkar and Becker, 1996) . However, EAA composition in ML is sulfur amino acid such as methionine, cysteine, and tryptophan, which should be used as supplements only (Goff and Gatlin, 2004) .
Whole body compositions:
The proximate composition was significantly different (P ≤ 0.05) among the five experimental fish groups ( Table 6 ). The highest contents of crude protein, total lipids, and energy contents, and the lowest ash contents were obtained in the whole body of fish fed 1.0% ML. Dry matter ranged from 28.83 to 28.44 %, while that of initial fish was 23.25 %. Crude protein and lipid ranged from 59.87 to 58.08 % and from 23.6 to 23.2 %, respectively. Fish fed 2.0 % ML showed the highest ash content (18.75 %), while fish fed 1.0 % ML showed the lowest value (16.50 %). Energy contents varied from 560.73 to 546.29 (kcal / 100 g), which were also significantly different (P ≤ 0.05) among fish groups.
In the present study, neither growth nor feed efficiency parameters were affected significantly by supplementation of high ML levels. The low growth at high ML inclusion levels may be due to the levels of cell wall constituents (neutral detergent fiber and acid detergent fiber) as detected by Richter et al. (2003) . Shiau (1997) reported the importance of nutrient absorption dependency on the time for which nutrients are in contact with the absorptive epithelium. Dietary fiber apparently influences the movement of nutrients along the gastrointestinal tract and significantly affects nutrient absorption. Another exacerbating effect might be a change in enzyme activity, possibly through adsorption or immobilization of enzymes by dietary fiber. It has also been shown that fiber can bind nutrients like fat, protein (Shah et al., 1982; Ward and Reichert, 1986) and minerals (Ward and Reichert, 1986) , and reduce their bioavailability. In this respect, De Silva and Gunasekera (1989) suggested that the acceptability of the diet, particularly changes in texture and taste, was negatively affected by the increasing incorporation of plant materials in Nile tilapia fry feed. Similarly, Afuang et al. (2003) reported that Nile tilapia fed a diet containing ML-methanol extract at the level of 102 g/kg of feed caused a 17.5% reduction in body mass gain when compared to fish fed the control diet.
Hematological and serum biochemical parameters:
Hematological and serum biochemical parameters have become attractive and useful for monitoring environmental quality, and the health condition of aquatic organisms (Kori-Siakpere and Ubogu, 2008; Olufayo, 2009 ). Data of hematological and serum biochemical parameters of Nile tilapia fry fed different levels of ML are shown in Table ( 7) . It was noticed that dietary supplementation of ML up to 1% led to significant (P ≤ 0.05) decreases Faiza A. Salama et al.
of Hb, PCV, and total protein among all fish groups, while the highest level of ML (2%) led to significant (P ≤ 0.05) increases of AST, ALT, creatinine, urea, and uric acid among all fish groups. Generally, fish fed 1% ML had the highest (P ≤ 0.05) concentrations of Hb, PCV, and total protein and the lowest (P ≤ 0.05) values of AST, ALT, creatinine, urea, and uric acid among all fish groups, including the control group (ML0.0).
Haematological components of blood are also valuable in monitoring feed toxicity especially with feed constituents that affect the formation of blood in cultured fish (Oyawoye and Ogunkunle, 1998) . According to the present findings, the PCV and Hb reduced as the ML levels in the diet increased up to 1%. The PCV range in this study was 21.00 to 32.00%; it is within the range of 20 to 50% as reported by Pietse et al. (1981) and rarely exeeds 50% (Clark et al., 1976; Etim, et al., 1999) . These reductions of PCV and Hb in the present study may be due to the high level of saponins, total phenolics and phytic acid, which were detected in ML (Richter et al., 2003) . Reduction in the concentration of PCV in the blood usually suggests the presence of toxic factor which has adverse effect on blood formation (Oyawoye and Ogunkunle, 1998) or detected to anemic condition in fish (Blaxhall and Daisley, 1973) . Further, the reduction in Hb concentrations could imply that diets having higher ML levels contained low quality diet resulting to poor transportation of oxygen from the respiratory organs to the peripheral tissue (Robert et al., 2000) .
Biochemical biomarkers like glucose, protein and enzymes are regularly used as an indicator of the general state of health and early warning of stress in fish under stressful conditions (Abou El-Naga et al., 2005; Osman et al., 2010) . The significant decreased level of serum total protein in the present study by increasing level of dietary ML may be due to their degradation and also to their possible utilization for metabolic purposes. Similar observation was also given for Channa punctatus exposed to latices of Euphorbia royleana and Jatropha gossypifolia (Singh and Singh, 2002) . In addition, in the current findings, there were significant increased (P ≤ 0.05) in AST, ALT, creatinine, urea, and uric acid among all fish groups, as the level of ML increased up to 2.0% in the diet. These increase especially when fish fed 2.0% ML (ML2.0) are suggestive of hepatic and renal cellular damage leading to their leakage into circulation system (Mousa et al., 2008) . Also, these results might be due to the presence of toxic substances or antinutritional factors in ML (Siddhuraju et al., 2000; Francis et al., 2001) .
The high activities of ALT and AST enzymes in blood indicate organ dysfunction in aquatic organisms during stress condition (Gabriel and George, 2005) . Similarly with the obtained results herein, Gabriel et al. (2009) noted elevation of both AST and ALT in different organs of catfish hybrid exposed to aqueous extracts from Lepidagathis alopecuroides leaves and suggested that the elevation may be due to disturbances in the Kreb's cycle; the elevation in ALT indicates hepatic damage caused by this plant extracts. In a recent study, Kavitha et al. (2012) indicated that seed extract of M. oleifera has significant effect on hematological and plasma biochemical parameters of Cyprinus carpio.
Finally, it could be noted that increasing levels of dietary addition of ML led to impaired growth and feed efficiency, carcass composition parameters, besides their drastically effects on the hematological and serum biochemical parameters of Nile tilapia fry. However, dietary 1% ML gave the highest significant growth performance and feed utilization, highest contents of crude protein, total lipids, and energy contents in fish body, as well as significantly improved the physiological responses for O. niloticus fry among all experimental groups. Thus, its use as a food supplement for human and animals, and most of its parts of moringa are widely used for many medical applications. 17306** 0.0287 *Diet 1 (control diet without MLM); diet 2, 3, 4 and 5 contained 0.5, 1.0, 1.5 & 2.0% MLM, respectively. **Means followed by different letters in the same column differ significantly (P≤0.01). diet 2, 3, 4 and 5 contained 0.50, 1.0, 1.5 and 2.0% MLM, respectively. **Means followed by different letters in the same column differ significantly (P<0.01).
